A city consumes a large amount of water. Urban planning and development are becoming more compelling due to the fact of growing competition for water, which has lead to an increasing and conflicting demand. As such, investments in water supply, sanitation and water resources management is a strong potential for a solid return. A pilot project of greywater ecological treatment has been established in Kuching city since 2003. Such a treatment facility opens up an opportunity of wastewater reclamation for reuse as secondary sources of water for non-consumptive purposes. This paper aims to explore the potential of the intended purposes in the newly developed ecological treatment project. By utilizing the Wallingford Software model, InfoWorks WS (Water Supply) is employed to carry out a hydraulic modeling of a hypothetical greywater recycling system as an integrated part of the Kuching urban water supply, where the greywater is treated, recycled and reused in the domestic environment. The modeling efforts have shown water savings of about 40% from the investigated system reinstating that the system presents an alternative water source worth exploring in an urban environment.
To cater for a change for sustainable and ecologically efficient use of water supply, water resources and wastewater management must come together in addressing the water cycle under the IWRM processes. Diversifying the supply options is one way to reduce dependency on sole sources of supply (Mkandla et al. 2005) . In order to decrease the pressure on the finite water resources, wastewater need not be thrown away after one time use but can be prompted for reclamation of household wastewater. Recycling and reuse of wastewater can be a water source for nonconsumptive purposes where lesser quantities of potable water are used for purposes other than drinking. This lowers water supply costs, as potable water is expensive in treatment costs and the needs of storage facilities management.
The current local water uses are construed along the lines of a one-time use of water. The system is conceptualized as a flow-through system. Little attention is placed on the safe management of the huge volumes of wastewater.
Greywater is produced when water is discharged from household appliances and water using fixtures such as showers, baths, washing machines, kitchen and laundry sinks. It excludes water discharged from toilets and urinals (black water). Presently, the wastewater from households in Kuching is partly treated. Only the black water undergoes a partial treatment in septic tanks before the overflow is discharged to the storm water drains. The greywater is released untreated to the storm water drains also. Both black and grey water eventually run into Sarawak River.
Therefore the water quality of drains, streams and rivers in Kuching is heavily polluted. Greywater contains a number of bacteria that may include disease causing organisms. It also contains a number of pollutants including organic matters, nutrient loads, salts and detergents. However, it is possible to collect and reuse greywater as it can be treated to a less health-hazardous standard. Since greywater is generated directly in every household in just about equal volumes every day independent of the weather, it presents a constant resource.
There are financial, environmental and health considerations involved in wastewater treatment. Kuching city is generally flat, low-lying with only small possibilities for gravity piping. In addition a large part of the city is deep peat, which may decompose due to draining effect of the sewers and thus may lead to breaking sewers and rising mains. A centralized sewer management with sewer piping is therefore not in favour considering the local conditions. Ecological Sanitation (Ecosan) facilities are considered as an alternative to centralized wastewater system. Kuching city did not practice water recycling. Treated greywater can be used as processed water for flushing for toilet, for watering the garden and for cleaning.
ECOLOGICAL SANITATION
In June 1999, the State Government of Sarawak, in collaboration with the Danish Cooperation on Environment and Development (DANCED), initiated the Sustainable Urban Development Project in Sarawak. The project was based on the wish to enhance sustainable urban development in Kuching city and other urban centers in Sarawak. Kuching city was selected as the key project area to implement an Urban Environment Management System (UEMS) (NREB 2001) . It was decided to focus on two prioritized issues as a starting point. River quality and solid waste management were selected as the areas of concern.
Ecosan system is a cost-effective effort in part of the UEMS initiatives (NREB/DID 2004) devised to take care of household wastewater.
In the buildings in Sarawak and in generally all
Malaysian houses, the black water channels are separated from the greywater channels. This facilitates a source separating Ecosan system. The quantity and quality of wastewater can be controlled at the household level (Esrey et al. 1998) . Based on this, Ecosan project in Kuching city is targeted at lowering the nutrient loads in waterways and reducing the pollutant loads in our rivers. It makes sense in the case of Kuching city where water abstraction and wastewater dumping are practically done on the same Sarawak River system. The philosophy of Ecological Sanitation is based on the concept of human excreta and wastewater as a valuable resource to be recovered and recycled, rather than as a waste product to be disposed of (Langergraber & Muelleger 2005) . Ecosan systems enable the recovery of nutrients from human faeces and urine for the benefit of agriculture, thus helping to preserve soil fertility, assure food security for future generations, minimize water pollution and recover bioenergy. They ensure that water is used economically and is recycled in a safe way to the greatest possible extent for purposes such as irrigation or groundwater recharge. After treatment, the treated greywater is however released back to the river system as treated wastewater without reusing it though the treated water is of good quality. It is quite a waste to throw away the good resources.
The quality of the effluent from the Ecosan system is suitable for a number of discharge and reuse options (Jenssen 2005) . Such treatment facilities open up the potential of greywater reclamation for reuse.
MODELING OF ECOSAN SYSTEM
Reuse of treated greywater facilitates water savings exceeding 50% (Radcliffe 2004) . Non-consumptive water reuse has an excellent and well-documented performance track record, which to date has featured no documented health problems, strong public acceptance and good regulatory compliance (Radcliffe 2004) . In order to evaluate a proposed system, the modeling process of using a mathematical representation of the real system is commonly performed. By using network simulations, which replicate the dynamics of a proposed system, problems can be anticipated and solutions can be evaluated before time, money and materials are invested in a real-world project. software. The modeling approach is tested on a medium system in Tabuan Jaya residential area. Such modeling is beneficial in understanding the appropriate analysis methodology for designing the water supply/recycle systems.
At the same time, the model shall be used as a model-project to adapt the methodology to local conditions and to allow for replication of the small system to a larger system elsewhere.
The Tabuan Tabuan Jaya is surrounded by the Tabuan River which forms a triangulated-shape delta. There are three bridges (see Figure 2 ), which are (1) the bridge that connects to Foo Chow Road, (2) the bridge that connects to Tabuan Desa, and (3) the bridge that connects to Tabuan Desa Indah.
water supply pipelines do not cross the river for the first two bridges, however pipeline crossing is observed at the third bridge supplying water to Tabuan Desa Indah.
For modeling purpose, the pipeline is assumed to stop at the third bridge making Tabuan Jaya an isolated system to accommodate investigations.
Further analysis of the Tabuan Jaya housing estate with a Geographical Information System (GIS) tool would enhance the appropriate analysis of fitting the domestic scale Ecosan system into the urban water supply network.
with a comprehensive GIS model, the system conditions, if presented visually as geographical data, facilitates proper planning of urban water supply facilities.
The requirement of maps in terms of contents, quality and accuracy vary from organization to organization. The GIS approach finds its role as an effective tool to help water managers in planning and developing the water supply management and should be envisaged on this bigger picture.
Urban development and analysis of spatial and temporal water consumption are effectively and efficiently done 
WATER CONSUMPTION PATTERNS
Although Kuching Water Board makes a large number of flow measurements, such as those at customer meters for billing and at treatment plants for production monitoring, data on usage change over time is sadly practically non existent in records. A true picture of daily variation is very important and no effort should be spared on this.
The temporal variations in water usage for municipal water systems typically follow a 24-hour cycle called a diurnal demand pattern.
Developing a diurnal curve for a specific customer requires more information than can be extracted from typical billing records. More intensive data collection methods are For this study, housing typology is chosen as sampling criteria of household water as the household water using habits and behaviors are not known. Zhang & Brown (2005) reported that housing typology is one common sampling criterion for developing countries in the absence of more detailed user characteristics. It is assumed that customers in the same property category use water in a similar pattern, but in different quantities (Kindler & Russell 1984) . These data are later analyzed to normalize the profiles.
InfoWorks WS expresses demand by using a constant baseline demand multiplied by a dimensionless demand Figures 6 to 9 illustrate the investigated customer diurnal curves for the Tabuan Jaya residential area.
Generally, three peak hours are observed in the domestic users. There is relatively low usage at night when most people sleep, increased usage during the early morning hours as people wake up and prepare for the day, increased usage during the middle of the day, and finally, increased usage again in the early evening as people return home.
Water use rate in the evening is higher than the usage during the day. However, it is interesting to find out that the sub-categories exhibit different tendencies of water usage during the three peak hours. Currently there are no concrete reasons to explain the observations. Further consumer surveys on detailed water use data would be needed.
After consumption rates are determined, the water use is spatially distributed as demands, and stored in the ESRI ArcView model database. The wealth of spatial data generated can be integrated into a common platform for water distribution systems via InfoWorks WS modeling system. This process is referred to as loading the model, where the water use data is assigned to model nodes.
INFOWORKS WATER SUPPLY (WS)
Access to geospatial database is important in supporting wise water supply management; however, water utilities 
CONVENTIONAL WATER SUPPLY SYSTEM MODELING APPROACH
This scenario shows the existing settings of delivering potable water to the consumers. Therefore, well-developed methodology for the water supply network modeling is applied.
The network data the Kuching Water Board owned is in the traditional paper record drawings and graphics-only This flow is then distributed locally to the users through a series of progressively smaller pipes or mains (see Figure 11 ). The pipeline size that is mostly used is the diameter of 150 mm (6 00 ). The buildings being served are connected to the mains by small pipes called service lines or connections.
A network defines how the components of a water distribution system are interconnected. Network data includes the traditional data mainly composed of two Next is the process of selecting for inclusion the model parts of the hydraulic network that have a significant impact on the behavior of the system. Attempting to include each individual service connection in a large system in a model could be a huge undertaking. However, the effort of capturing every feature of the small scale Tabuan Jaya system cannot be spared to investigate the impact of a greywater system to complete the important recycling loops in the domestic environment.
As depicted in Figure 12 , it is possible to include all the individual connections, as no skeletonization at all where it is termed as an All-Link network. In this case, there is a junction at each service tap, with a pipe and junction at each house. This process is done manually where water use data is attached to each relevant node.
HYPOTHETICAL GREYWATER SYSTEM MODELING APPROACH
This scenario represents the hypothetical settings in addition to the conventional water supply system in which the treated effluent from the Ecosan facilities is reclaimed and reused in the domestic environment.
Little is known about the household water use patterns. et al. (1991) reported that 60 -90% of the water consumed becomes wastewater. However, a study of the local wastewater characteristics (Ling et al. 2005) The greywater is to be transported to and fro by a series of closed Polyethylene (PE) pipes. These pipes are expected to be laid beside the storm water drains at the backyard of the consumers' houses. They are similarly represented as nodes and links in the hydraulic network.
Tchobanogulous
The current modeling approach only concerns the inflow and outflow of greywater in this system. Due to the on-site nature of Ecosan facilities, the loss of water is expected to be small. The water quality in the greywater system is not within the present scope. However, the InfoWorks WS package supports the water quality modeling and one important event of risk modeling, where it is possible to predict the propagation of bacteria species. Such information is lacking at the moment.
In the technological aspect, having two pumps in a single system may be a drawback considering that those pumps would cause quite an amount of maintenance and risks. The first pump is a submerged pump used to enable a pressurized aerobic spraying of the influent on the filtering materials. The second pump is a booster pump to increase the water head so that the treated greywater could be sent back to households. However, technical improvement could always be done literally.
SIMULATION ANALYSIS
The current simulation results involve the inclusion of a hypothetical Ecological Sanitation greywater recycling system in Zones 1, 2, 3 and 4, while Zones 5, 6 and 7 are excluded to have a better comparison. The water withdrawal data at the three tapping points (for location see Figure 11 ) is tabulated in 
CONCLUSIONS
The introduction of an Ecological Sanitation pilot project in Kuching city is meant for environmental purposes to reduce the pollutant loadings of local waterways and rivers. The effluent is of good quality and released into the storm water drains and it is indeed a waste to throw away the treated water. The State Government is considering enforcing the system; however, the responsible ministry is facing some difficulties in deciding the management and maintenance of such facilities. The current research work presents an opportunity to incorporate the Ecosan facilities as part of would all determine the eventual acceptance of this strategy.
